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METHODS OF FORMING CONDUCTIVE 
POLYSILICON THIN FILMS VIA ATOMIC 
LAYER DEPOSITION AND METHODS OF 
MANUFACTURING SEMICONDUCTOR 

DEVICES INCLUDING SUCH POLYSILICON 
THIN FILMS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application claims the bene?t of Korean Patent Appli 
cation No. 10-2005-0076974, ?led on Aug. 22, 2005, in the 
Korean Intellectual Property Of?ce, the disclosure of Which is 
incorporated herein in its entirety by reference. 

FIELD OF THE INVENTION 

The present invention relates to methods of forming thin 
?lms and semiconductor devices and, more particularly, to 
methods of forming conductive polysilicon thin ?lms and to 
methods of manufacturing semiconductor devices that 
include such thin ?lms. 

BACKGROUND 

Conductive polysilicon thin ?lms are used in a Wide variety 
of microelectronic devices. In many applications, these con 
ductive polysilicon thin ?lms should have a uniform thick 
ness and a ?at surface, because these factors may in?uence 
the performance of the semiconductor devices Which include 
the conductive polysilicon thin ?lm. 

Electrodes such as, for example, gate electrodes, of semi 
conductor devices are generally formed via chemical vapor 
deposition (CVD), loW pressure CVD (LPCVD), plasma 
enhanced CVD (PECVD) or epitaxial growth techniques. For 
example, the gate electrodes of conventional ?ash memory 
devices are generally formed using one of the above-listed 
processes. When CVD is used to form a polysilicon ?lm, 
superior step coverage can be obtained at a loW temperature. 
HoWever, as semiconductor devices become highly inte 
grated, the number of elements in the device, and hence the 
number of step gaps betWeen elements, becomes large. It can 
be dif?cult to ?ll these large step differences using, CVD. In 
addition, When the pattern density is varied, the thickness of 
the polysilicon ?lm can become uneven because of a pattern 
loading effect, Which can increase the roughness of the sur 
face of the polysilicon ?lm. 

Electrodes of conventional semiconductor devices are 
typically formed by depositing a polysilicon ?lm and then 
performing various etching and cleaning processes on the 
deposited polysilicon layer. These etching and cleaning pro 
cesses may remove a signi?cant amount of the deposited 
polysilicon. If the surface of the polysilicon ?lm is rough, the 
etching and cleaning processes may tend to further exacer 
bate the variations in thickness. In some cases, pitting can 
result When a large amount of polysilicon is removed from a 
holloW portion of the rough surface. In order to reduce surface 
roughness, the surface of the polysilicon ?lm may be pro 
cessed With 03. However, if the polysilicon ?lm is thinner 
than about 140 A, the surface roughness may not be improved 
by such an O3 process. 

FIG. 1 is a graph illustrating the thickness of a polysilicon 
?lm (and the root mean squares (Rms) surface roughness 
thereof measured (A) after the polysilicon ?lm is deposited 
using LPCVD, (B) after a Wet-etching process using diluted 
HF (pure Water: HF:200: 1) Which is performed to remove an 
oxide layer using the polysilicon layer as the etching mask, 
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2 
and (C) after a dry-etching process Which is performed to 
remove an oxide layer using the polysilicon ?lm as the etch 
ing mask. As shoWn in column (A) of FIG. 1, the Rms of the 
polysilicon ?lm is about 150 A as deposited. Thus, the surface 
roughness of the polysilicon ?lm is comparatively high after 
deposition. As shoWn in columns (B) and (C) of FIG. 1, the 
thickness of the polysilicon ?lm is reduced and the surface 
roughness is increased during the subsequent Wet and dry 
etching processes because a signi?cant amount of the poly 
silicon may be removed While removing peripheral layers. 
Accordingly, the polysilicon ?lm is typically deposited to be 
much thicker than the target thickness of the polysilicon ?lm. 
Furthermore, the initial thickness of the polysilicon ?lm is 
typically selected to be su?icient to avoid pitting during sub 
sequent processing steps. Therefore, the initial deposition 
thickness of the polysilicon ?lm may be much thicker than the 
target thickness. 
As described above, using conventional methods of form 

ing polysilicon ?lms it can be dif?cult to produce layers 
having uniform thickness and loW surface roughness. Epi 
taxial groWth techniques may be used to overcome these 
limitations, but this requires a high vacuum process at a 
pressure of about 10-6 Torr or less. 

SUMMARY OF THE INVENTION 

Pursuant to embodiments of the present invention, meth 
ods of forming a conductive polysilicon thin ?lm are provided 
in Which an Si (silicon) precursor having halogen elements as 
a ?rst reactant and a dopant are simultaneously supplied to a 
substrate to form a ?rst reactant adsorption layer that is doped 
With impurities on the substrate. Then, a second reactant 
having H (hydrogen) is supplied to the ?rst reactant adsorp 
tion layer to react the H of the second reactant With the 
halogen elements of the ?rst reactant to form a doped Si 
atomic layer on the substrate. 

In some embodiments. the ?rst reactant adsorption layer 
and the doped Si atomic layer may be formed in a range of 
about 400 to about 5500 C. and in a range of about 0.1 to about 
10 Torr. The method may further include: removing byprod 
ucts remaining on the ?rst reactant adsorption layer after 
forming the ?rst reactant adsorption layer; and removing 
byproducts created by reacting the second reactant, after 
forming the doped Si atomic layer. 

Pursuant to some further embodiments of the present 
invention, methods of forming a conductive polysilicon thin 
?lm are provided in Which a Si precursor having halogen 
elements is supplied to a substrate as a ?rst reactant to form a 
?rst reactant adsorption layer on the substrate. Then a second 
reactant having H (hydrogen) is supplied to the ?rst reactant 
adsorption layer to react the H of the second reactant With the 
halogen element of the ?rst reactant to form a Si atomic layer 
on the substrate. A plurality of Si atomic layers are formed on 
the substrate by repeatedly performing the above-described 
operations. In addition, the plurality of Si atomic layers are 
doped in the same furnace Where the above-described groWth 
operations are performed. 

In some embodiments, the plurality of Si atomic layers 
may be doped by simultaneously supplying the ?rst reactant 
and the dopant to the substrate during the formation of each of 
the plurality of ?rst reactant adsorption layers and supplying 
a second reactant having H (hydrogen) to each of the plurality 
of ?rst reactant adsorption layer to react the H of the second 
reactant With the halogen element of the ?rst reactant. In other 
embodiments, the plurality of Si atomic layers may be doped 
by supplying a dopant to the plurality of Si atomic layers. In 
still further embodiments of the present invention, the plural 
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ity of Si atomic layers may be doped by simultaneously 
supplying the second reactant having H and the dopant to the 
substrate during the formation of each of the plurality of Si 
atomic layers. 

According to still further embodiments of the present 
invention, methods of manufacturing semiconductor devices 
are provided in Which an insulating pattern is formed on a 
semiconductor substrate. The insulating pattern may include 
an opening that exposes a portion of the semiconductor sub 
strate. An insulating layer is formed at a bottom part of the 
opening. A conductive polysilicon thin ?lm is formed in the 
opening on the insulating layer using one of the above-de 
scribed methods of forming a conductive polysilicon layer 
according to embodiments of the present invention. A portion 
of an upper surface of the conductive polysilicon thin ?lm is 
removed to expose the insulating pattern and to form a con 
ductive polysilicon thin ?lm gate electrode pattern in the 
opening. The insulating pattern is removed to expose a side 
Wall of the gate electrode. The upper surface and the sideWall 
of the gate electrode are then covered With a dielectric layer. 
The gate electrode may, for example, be a ?oating gate elec 
trode of a ?ash memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention Will become more apparent by describing in detail 
some embodiments thereof With reference to the attached 
draWings in Which: 

FIG. 1 is a graph illustrating the thickness and surface 
roughness of a conventional polysilicon ?lm, both before and 
after etching processes are performed to remove peripheral 
oxide layers using the polysilicon layer as an etching mask; 

FIGS. 2A through 2D are cross-sectional diagrams illus 
trating methods of forming a conductive polysilicon thin ?lm 
according to ?rst embodiments of the present invention; 

FIG. 3 is a as pulsing diagram illustrating gas ?oWs that 
may be used to form a single atomic layer of a conductive 
polysilicon thin ?lm according to the methods of the ?rst 
embodiments of the present invention; 

FIGS. 4A through 4F are cross-sectional diagrams illus 
trating methods of forming a conductive polysilicon thin ?lm 
according to second embodiments of the present invention; 

FIG. 5 is a picture shoWing the surface roughness of a 
polysilicon thin ?lm formed according to some embodiments 
of the present invention; and 

FIGS. 6A through 6G are cross-sectional diagrams illus 
trating methods of manufacturing a semiconductor device 
according to some embodiments of the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention noW Will be 
described more fully hereinafter With reference to the accom 
panying draWings, in Which embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements through 
out. 

It Will be understood that, although the terms ?rst, second, 
etc. may be used herein to describe various elements, these 
elements should not be limited by these terms. These terms 
are only used to distinguish one element from another. For 
example, a ?rst element could be termed a second element, 
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4 
and, similarly, a second element could be termed a ?rst ele 
ment, Without departing from the scope of the present inven 
tion. As used herein, the term “and/or” includes any and all 
combinations of one or more of the associated listed items. 

It Will be understood that When an element such as a layer, 
region or substrate is referred to as being “on” or extending 
“onto” another element, it can be directly on or extend 
directly onto the other element or intervening elements may 
also be present. In contrast, When an element is referred to as 
being “directly on” or extending “directly onto” another ele 
ment, there are no intervening elements present. Other Words 
used to describe the relationship betWeen elements should be 
interpreted in a like fashion (i.e., “betWeen” versus “directly 
betWeen”, “adjacent” versus “directly adjacent”, etc.). 

Relative terms such as “beloW” or “above” or “upper” or 
“loWer” or “horizontal” or “vertical” may be used herein to 
describe a relationship of one element, layer or region to 
another element, layer or region as illustrated in the ?gures. It 
Will be understood that these terms are intended to encompass 
different orientations of the device in addition to the orienta 
tion depicted in the ?gures. 

Embodiments of the invention are described herein With 
reference to cross-section illustrations that are schematic 
illustrations of idealiZed embodiments (and intermediate 
structures) of the invention. The thickness of layers and 
regions in the draWings may be exaggerated for clarity. Addi 
tionally, variations from the shapes of the illustrations as a 
result, for example, of manufacturing techniques and/or tol 
erances, are to be expected. Thus, embodiments of the inven 
tion should not be construed as limited to the particular shapes 
of regions illustrated herein but are to include deviations in 
shapes that result, for example, from manufacturing. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an” and “the” are intended to include the plural forms as 
Well, unless the context clearly indicates otherWise. It Will be 
further understood that the terms “comprises” “comprising,” 
“includes” and/or “including” When used herein, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/ or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 

Unless otherWise de?ned, all terms (including technical 
and scienti?c terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
Which this invention belongs. It Will be further understood 
that terms used herein should be interpreted as having a 
meaning that is consistent With their meaning in the context of 
this disclosure and the relevant art and Will not be interpreted 
in an idealiZed or overly formal sense unless expressly so 
de?ned herein. 

FIGS. 2A through 2D are cross-sectional diagrams illus 
trating methods of forming a conductive polysilicon thin ?lm 
according to ?rst embodiments of the present invention. As 
shoWn in FIG. 2A, a ?rst reactant 12 and a dopant 14 may be 
simultaneously supplied to a substrate such as a semiconduc 
tor substrate 10. The semiconductor “substrate” 10 may com 
prise a conventional semiconductor substrate, a silicon-on 
insulator substrate or any other substrate or layer. The ?rst 
reactant 12 is formed of a Si precursor having both Si and 
halogen elements. As a result, a ?rst reactant adsorption layer 
20 that is doped With impurities included in the dopant 14 is 
chemically adsorbed onto the semiconductor substrate 10. 
The ?rst reactant 12 may comprise, for example, SiCl4, 

SiHCl3, SiH2Cl2, SiH3Cl, Si2Cl6, and/or Si3Cl8. The dopant 
14 may comprise various materials according to the target 
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conductivity type. For example, a dopant 14 comprising PH3 
may be used to form an n-type conductive polysilicon ?lm, 
and a dopant 14 comprising B2H6 and/ or BCl3 may be used to 
form a p-type conductive polysilicon ?lm. A material that 
includes P, As, Sb, B, Al, Ga, and/or In may be used as the 
dopant 14 in further embodiments of the present invention. 

Referring to FIG. 2B, an inert gas 32 such as, for example, 
nitrogen gas, is supplied and purged after forming the ?rst 
reactant adsorption layer 20 on the semiconductor substrate 
10, to remove byproducts. Alternatively, a pumping process 
may be performed instead of the purge process, at a loWer 
pressure than the pres sure required for supplying the reactant, 
in order to remove the byproducts. 

As shoWn in FIG. 2C, an H precursor 34 is supplied to the 
semiconductor substrate 10 having the ?rst reactant adsorp 
tion layer 20. The H precursor 34 may be supplied in an 
activated state. To achieve this, the H precursor 34 may ?rst be 
activated by, for example, a remote plasma. The H elements of 
the H precursor 34 react With the halogen elements of the ?rst 
reactant adsorption layer 20. This reaction removes the halo 
gen elements from the ?rst reactant adsorption layer 20, and 
leaves an Si adsorption layer 2011 on the semiconductor sub 
strate 10. That is, the Si adsorption layer 20a doped With 
impurities by the dopant 14 remains on the semiconductor 
substrate 1 0. The H precursor 34 may be formed, for example, 
of pure hydrogen elements, or a composition of hydrogen 
elements and silicon elements. For example, the H precursor 
34 may comprise H2, SiH4, Si2H6, and/or Si3H8. 
As shoWn in FIG. 2D, byproducts that remain after the H 

precursor 34 is supplied to the semiconductor substrate 10 
may be removed by, for example, a purge process using the 
inert gas 32, or by a pumping process at a loWer pressure than 
the pressure for supplying the reactant, as described above. 

The operations described With reference to FIGS. 2A 
through 2D comprise one atomic layer deposition (ALD) 
process cycle. These operations may be repeatedly performed 
until the thickness of the Si thin ?lm reaches a target thick 
ness. While performing the single ALD process cycle, a tem 
perature of, for example, about 400 to about 550 degrees 
Centigrade may be maintained to avoid crystalliZing the Si 
adsorption layer 2011. A comparatively loW pressure of 0.1 to 
10 Torr may be maintained. By maintaining such a loW pres 
sure during the single ALD process cycle, it is possible to use 
a typical fumace to form the polysilicon thin ?lm, alloWing 
improved productivity. 

FIG. 3 is a gas pulsing diagram illustrating the gas ?oWs of 
oneALD process cycle according to one speci?c embodiment 
of the present invention that may be used to form an atomic 
layer of the polysilicon thin ?lm as shoWn in FIGS. 2A 
through 2D. As shoWn in FIG. 3, a ?rst reactant (Si precursor) 
and a dopant are ?rst supplied to the semiconductor substrate 
10. By Way of example, dichlorosilane (DCS) may be used as 
the ?rst reactant and PH3 or BCl3 may be used as the dopant. 
In one speci?c embodiment, about 1 slm of DCS and about 
0.1 to about 10 seem of dopant may be supplied, for about 10 
seconds. Next, a purge gas is supplied. The pulsing time of the 
purge gas may be, for example, about 2 seconds in some 
embodiments of the present invention. Then, an H precursor 
is supplied. In some embodiments in Which H2 is used as the 
H precursor, about 0.1 to about 2 slm of H2 may be supplied, 
for example, for about 12 seconds. While supplying the H 
precursor, RF poWer may be initially turned off, for example, 
for about 1 to about 2 seconds to stabiliZe the process. After 
the initial stabiliZing period, the RF poWer may be turned on. 
The RF poWer may be, for example, about 50 to about 500 W. 
Finally, the purge gas may again be supplied. 
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6 
In the above-described methods of forming a polysilicon 

thin ?lm according to ?rst embodiments of the present inven 
tion, the ?rst reactant 12 and the dopant 14 may be supplied 
simultaneously in a single ALD process cycle. HoWever, 
embodiments of the present invention are not limited to such 
methods. In particular, the ?rst reactant 12 and the dopant 14 
may be supplied independently in a single ALD process 
cycle. By Way of example, an Si precursor having halogen 
elements may be supplied to the semiconductor substrate 10 
to form a ?rst reactant adsorption layer, and thereafter a 
second reactant having H and a dopant may be simulta 
neously supplied on the ?rst reactant adsorption layer. The H 
in the second reactant reacts With the halogen elements of the 
?rst reactant to form the doped Si layer. Thus, in these 
embodiments, the dopant is supplied With the second reactant 
in a singleALD process cycle. In still further embodiments of 
the present invention, a Si precursor having halogen elements 
may be supplied as the ?rst reactant to form a ?rst reactant 
adsorption layer on the substrate, and then a second reactant 
having H is supplied. The halogen element of the ?rst reactant 
reacts With the H of the second reactant to form an Si atomic 
layer. After the Si atomic layer is formed, a dopant is supplied 
to form the doped Si atomic layer. As described above, the 
dopant may be supplied independently from the ?rst reactant 
and the second reactant. That is, the dopant may be supplied 
after supplying the ?rst reactant and/or after supplying the 
second reactant. 

FIGS. 4A through 4F are cross-sectional diagrams illus 
trating methods of forming conductive polysilicon thin ?lms 
according to second embodiments of the present invention. 
Like reference numerals in FIGS. 2A through 2D and FIGS. 
4A through 4F denote like elements. Therefore, detailed 
descriptions of such like elements are omitted here. 

As shoWn in FIG. 4A, a Si precursor having both Si and 
halogen elements is supplied to a substrate such as a semi 
conductor substrate as a ?rst reactant 12, using, for example, 
the same method described above With reference to FIG. 2A. 
HoWever, in the embodiments of FIGS. 4A through 4F, a 
dopant is not supplied While supplying the Si precursor. As 
shoWn in FIG. 4A, a ?rst reactant adsorption layer 22 is 
formed on the semiconductor substrate 10. 

As shoWn in FIG. 4B, after the ?rst reactant adsorption 
layer 22 is formed, a purge operation is performed using an 
inert gas 32 in order to remove byproducts. The purge opera 
tion may, for example, use the same method described above 
With reference to FIG. 2B. It Will also be appreciated that 
other processes such as, for example, a pumping process, may 
be performed to remove the byproducts instead of the purge 
operation. 
As shoWn in FIG. 4C, after the byproducts are removed, an 

H precursor 34 is supplied to remove the halogen elements 
from the ?rst reactant adsorption layer 22 using, for example, 
the same method described above With reference to FIG. 2C. 
As a result, a Si adsorption layer 2211 is left on the semicon 
ductor substrate 10. 

As shoWn in FIG. 4D, next byproducts are removed by 
performing the purge process and/or the pumping process 
using the inert gas 32 based, for example, on the same method 
described above With reference to FIG. 2D. 

As shoWn in FIG. 4E, a polysilicon thin ?lm 22b having a 
target thickness, Which is made of a plurality of atomic layers, 
is formed on the semiconductor substrate 1 0 by repeatedly 
performing the atomic layer deposition (ALD) process cycle 
consisting of the operations described above With reference to 
FIGS. 4A through 4D. The ALD process cycle may be repeat 
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edly performed until the target thickness is obtained, or until 
a predetermined thickness less than the target thickness is 
obtained. 
As shoWn in FIG. 4F, a dopant 14 may then be supplied to 

form a doped polysilicon thin ?lm 220. In order to inject the 
dopant 14, one or more ALD process cycles may be per 
formed to deposit a Si atomic layer using the dopant 14 as 
described With reference to FIGS. 2A through 2D or, the 
polysilicon thin ?lm 22b may be doped by injecting only the 
dopant 14. 

If the polysilicon thin ?lm 22b formed in the operation of 
FIG. 4E reaches the target thickness, the process of forming 
the polysilicon thin ?lm is terminated. HoWever, if the thick 
ness of the polysilicon thin ?lm 22b shoWn in FIG. 4E is less 
than the target thickness, the operations described With ref 
erence to FIGS. 4A through 4F may be repeatedly performed 
on the semiconductor substrate 10 With the doped polysilicon 
thin ?lm 220 until the polysilicon thin ?lm 220 has the target 
thickness. 

FIG. 5 is a picture shoWing the surface roughness of a 
polysilicon thin ?lm formed according to embodiments of the 
present invention. The groWth conditions described above 
With reference to FIG. 3 Were used to form the polysilicon thin 
?lm shoWn in FIG. 5, but the dopant Was not injected. The root 
mean square (Rms) of the surface roughness of the polysili 
con thin ?lm Was measured to be about 0.195 A. Thus, the 
surface is much smoother than the surface of conventional 
polysilicon thin ?lms, Which may have Rms surface rough 
ness as shoWn in FIG. 1. 

FIGS. 6A to 6G are cross-sectional diagrams illustrating 
methods of manufacturing semiconductor devices according 
to some embodiments of the present invention. Like reference 
numerals in FIGS. 2A through 2D and FIGS. 6A through 6G 
denote like elements. Therefore, detailed descriptions of such 
like elements are omitted here. 

The semiconductor device that is pictured and described in 
FIGS. 6A through 6G is a ?oating gate of a ?ash memory 
device. HoWever, it Will be appreciated that the present inven 
tion is not limited thereto, and that a Wide variety of different 
semiconductor devices may be fabricated according to 
embodiments of the present invention. 

Referring to FIG. 6A, a semiconductor substrate 100 is 
etched to form a trench 102, and a trench oxide layer 110 is 
formed in the trench 102. As shoWn in FIG. 6B, insulating 
layers 122, 124, 126 are sequentially formed on the semicon 
ductor substrate 100 having the trench oxide layer 110. For 
example, a mask oxide layer 122 having a thickness of about 
100 to about 300 A, a nitride layer 124 having a thickness of 
about 100 to about 500 A and an oxide layer 126 having a 
thickness of about 2000 to about 4000 A may be formed on 
the semiconductor substrate 100. 
As shoWn in FIG. 6C, a photolithography process (or other 

patterning process) may be used to pattern the oxide layer 126 
to form an oxide layer pattern 126a, using the nitride layer 
124 as an etch stopping layer. The nitride layer 124 and the 
mask oxide layer 122 may then be etched sequentially using 
the oxide layer pattern 12611 as an etching mask to form a 
nitride layer pattern 124a and a mask layer pattern 12211. As a 
result, an insulating layer pattern 12011 is obtained, consisting 
of the mask layer pattern 12211, the nitride layer pattern 124a 
and the oxide layer pattern 12611. A space 128 exists betWeen 
adjacent insulating patterns 12011. A tunnel oxide layer 130 
having a thickness, for example, of about 50 to about 300 A is 
formed on the semiconductor substrate 100 in the space 128. 
As shoWn in FIG. 6D, after the tunnel oxide layer 130 is 

formed, a conductive polysilicon thin ?lm 140 may be formed 
on the entire surface of the resulting structure as a ?oating 
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8 
gate. The conductive polysilicon thin ?lm 140 is formedusing 
one of the methods of forming a polysilicon thin ?lm accord 
ing to the embodiments of the present invention, as described, 
for example, With reference to FIGS. 2A through 2D and 
FIGS. 4A to 4E. The space 128 is ?lled With the conductive 
polysilicon thin ?lm 140. 
As shoWn in FIG. 6E, a chemical mechanical polishing 

(CMP) process or an etch-back process may then be per 
formed on the conductive polysilicon thin ?lm 140 to remove 
an upper portion of the conductive polysilicon thin ?lm 140 
such that an upper surface of the insulating pattern 12011 is 
exposed. As a result, a ?oating gate 144 is formed, Which is 
made of the conductive polysilicon thin ?lm that ?lls the 
space 128 betWeen the insulating patters 120a. 

FIG. 6E depicts a stack type ?oating gate 144. HoWever, 
the present invention is not limited thereto, and it Will be 
apparent to those skilled in the art based on the present dis 
closure that various types of ?oating gate may be formed 
controlling the amount and portion removed from the poly 
silicon thin ?lm using the CMP and etch-back processes, or 
controlling the thickness of the conductive polysilicon thin 
?lm 140 as shoWn in FIG. 6D, Without departing from the 
spirit and scope of the present invention. 
As shoWn in FIG. 6F, the insulating pattern 120a and the 

trench oxide layer 110 are dry-etched using the ?oating gate 
144 as an etching mask, to form recesses 112 at the isolation 
regions Where the trench 102 is formed. Since the conductive 
polysilicon thin ?lm of the ?oating gate 144 is formed accord 
ing to the methods of forming polysilicon thin ?lms discussed 
above With respect to FIGS. 2A through 2D, FIG. 3 and FIGS. 
4A through 4F, the ?oating gate 144 has improved surface 
roughness. Accordingly, pitting can be reduced and/or 
avoided altogether even though a signi?cant amount of poly 
silicon may be removed from the surface of the ?oating gate 
144 during the dry etching to remove the insulating pattern 
120a and the trench oxide layer 110. 

As shoWn in FIG. 6G, an inter-gate dielectric layer 150 may 
be formed over the exposed sideWalls of the ?oating gate 144. 
The inter-gate dielectric layer 150 may comprise, for 
example, an oxide layer, a nitride layer and an oxide layer 
(i.e., an ONO layer structure). A conductive layer 160 is 
formed on the inter-gate dielectric layer 150. The conductive 
layer 160 and the inter-gate dielectric layer 150 may be pat 
terned to form a control gate and to complete the gate struc 
ture of the ?ash memory device. 

As described above, While forming the polysilicon ?lm for 
the conductive layer of the semiconductor device according 
to some embodiments of the present invention, superior step 
coverage characteristics can be provided Without regard to 
step differences of a loWer layer, even When the polysilicon 
?lm is extremely thin. Also, the deposition thickness of the 
polysilicon thin ?lm can be reduced and/or minimiZed since 
the thickness uniformity and surface roughness characteris 
tics may be improved according to embodiments of the 
present invention. When conductive polysilicon thin ?lms 
formed according to embodiments of the present invention 
are included in a semiconductor device, pitting (and its 
adverse effects) may be reduced and/ or prevented, even When 
several etching or cleaning processes are performed after 
formation of the conductive polysilicon thin ?lm because of 
the improved surface roughness characteristics. Therefore, a 
small unit element can be manufactured using the conductive 
polysilicon thin ?lm having the improved thickness unifor 
mity and surface roughness as a conductive layer of the semi 
conductor device, and the reliability of the semiconductor 
device can be improved. 



US 7,622,383 B2 

While the present invention has been particularly shown 
and described With reference to exemplary embodiments 
thereof, it Will be understood by those of ordinary skill in the 
art that various changes in form and detail may be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the following claims. 
What is claimed is: 
1. A method of forming a conductive polysilicon thin ?lm, 

the method comprising: 
simultaneously supplying a Si (silicon) precursor gas hav 

ing halogen elements as a ?rst reactant gas and a dopant 
gas to a substrate to form a ?rst reactant adsorption layer 
that is doped With impurities on the substrate; and 

supplying a second reactant gas having H (hydrogen) to the 
?rst reactant adsorption layer to react the H of the second 
reactant gas With the halogen elements of the ?rst reac 
tant gas to form a doped Si atomic layer on the substrate. 

2. The method of claim 1, Wherein the ?rst reactant gas 
comprises SiCl4, SiHCl3, SiH2Cl2, SiH3Cl, Si2Cl6 and/or 
Si3Cl8. 

3. The method of claim 1, Wherein the dopant gas is a 
material that includes P, As, Sb, B, Al, Ga, and/or In. 

4. The method of claim 1, Wherein the second reactant gas 
comprises H2, SiH4, Si2H6 and/or Si3H6. 

5. The method of claim 1, Wherein the ?rst reactant adsorp 
tion layer and the doped Si atomic layer are each formed in a 
range of about 400 to about 550° C. 

6. The method of claim 1, Wherein the ?rst reactant adsorp 
tion layer and the doped Si atomic layer are each formed in a 
range of about 0.1 to about 10 Torr. 

7. The method of claim 1, the method further comprising: 
removing byproducts remaining on the ?rst reactant 

adsorption layer after forming the ?rst reactant adsorp 
tion layer; and 

removing byproducts created by reacting the second reac 
tant after forming the doped Si atomic layer. 

8. The method of claim 7, Wherein the byproducts on the 
?rst reactant adsorption layer and the byproducts created by 
reacting the second reactant gas are removed using a purge 
process With an inert gas and/or by a pumping process per 
formed at a ?rst pressure that is loWer than a second pressure 
at Which the ?rst reactant gas is supplied. 

9. A method of forming a conductive polysilicon thin ?lm, 
the method comprising; 

(a) supplying a Si (silicon) precursor gas having halogen 
elements to a substrate as a ?rst gas reactant to form a 

?rst reactant adsorption layer on the substrate; 
(b) supplying a second reactant gas having H (hydrogen) to 

the ?rst reactant adsorption layer to react the H of the 
second reactant gas With the halogen element of the ?rst 
reactant gas to form an Si atomic layer on the substrate; 

(c) removing byproducts created by reacting the second 
reactant gas after forming the Si atomic layer; 

(d) forming a plurality of the Si atomic layers on the sub 
strate by repeatedly performing operations (a) through 
(c) above; and 

(e) doping the plurality of Si atomic layers in the same 
furnace as Where operations (a) through (d) are per 
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formed to provide the conductive polysilicon thin ?lm, 
Wherein the doping the plurality of Si atomic layers 
comprises: 

(e-l) simultaneously supplying the ?rst reactant gas and a 
dopant gas to the substrate on Which the plurality of Si 
atomic layers are formed to form the conductive poly 
silicon thin ?lm; and 

(e-2) supplying the second reactant gas having H (hydro 
gen) to the substrate on Which the conductive polysilicon 
thin ?lm is formed to react the H of the second reactant 
gas With the halogen elements of the ?rst reactant gas. 

10. A method of manufacturing a semiconductor device, 
the method comprising: 

(a) forming an insulating pattern on a semiconductor sub 
strate, Wherein the insulating pattern includes an open 
ing that exposes a portion of the semiconductor sub 
strate; 

(b) forming an insulating layer at a bottom part of the 
opening; 

(c) forming a conductive polysilicon thin ?lm in the open 
ing on the insulating layer by 
(c-l) supplying a Si (silicon) precursor having halogen 

elements as a ?rst reactant to form a ?rst reactant 

adsorption layer in the opening; 
(c-2) supplying a second reactant having H (hydrogen) 

to the ?rst reactant adsorption layer to react the H of 
the second reactant With the halogen element of the 
?rst reactant to form an Si atomic layer in the opening; 

(c-3) forming a plurality of the Si atomic layers in the 
opening by repeatedly performing operations (c-l) 
and (c-2); and 

(c-4) doping the plurality of Si atomic layers in the same 
furnace as Where operations (c-l), (c-2) and (c-3) are 
performed; 

(d) removing a portion of an upper surface of the conduc 
tive polysilicon thin ?lm to expose the insulating pattern 
and to form a conductive polysilicon thin ?lm gate elec 
trode pattern in the opening; 

(e) removing the insulating pattern to expose a sideWall of 
the gate electrode; and 

(f) covering the upper surface and the sideWall of the gate 
electrode With a dielectric layer. 

11. The method of claim 10, Wherein the gate electrode is 
a ?oating gate electrode of a ?ash memory device. 

12. The method of claim 10, Wherein removing a portion of 
an upper surface of the conductive polysilicon thin ?lm com 
prises using a chemical mechanical polishing process and/or 
an etch-back process to remove a predetermined portion of 
the conductive polysilicon thin ?lm. 

13. The method of claim 10, Wherein the gate electrode is 
used as an etching mask during the removal of the insulating 
pattern. 

14. The method of claim 10, Wherein the dielectric layer is 
a multi-layer inter-gate dielectric layer that comprises an 
oxide-nitride-oxide (“ONO”)layer. 

* * * * * 


